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Objectives: Lower extremity embolization occurs during aortoiliac aneurysm repair and may require major amputation
when distal arteries are occluded. Because nonoperative treatments are often ineffective, we evaluated an aggressive
operative approach.
Methods: In the past 11 years, we performed 328 endovascular and 350 open aortoiliac aneurysm repairs. Excluding cases
of embolization to iliac, femoral, popliteal, and more proximal tibial vessels, which were treated in a standard fashion,
foot ischemia severe enough to produce cadaveric, pregangrenous, or gangrenous skin changes occurred frommore distal
embolization after seven endovascular and three open aortoiliac aneurysm repairs. Six of these 10 patients underwent
thromboembolectomies of both their dorsalis pedis and perimalleolar posterior tibial arteries <4 hours of their original
operation. In the other four patients, treatment was delayed 7 to 10 days. Because of progressive foot ischemia,
arteriography was performed. From these results, four bypasses (3 autologous vein, 1 polytetrafluoroethylene graft) were
performed to the transverse metatarsal arch, dorsalis pedis, perimalleolar peroneal artery, or perimalleolar anterior tibial
artery.
Results: Patency and limb-salvage rates for both thromboembolectomy and bypass procedures were 100% at a mean
follow-up of 3.0 years (range, 5 months-8 years).
Conclusions: Perimalleolar and foot artery thromboembolectomy and bypasses to arteries as distal as the metatarsal arch
can be effective treatment for distal embolization from aortoiliac aneurysm repair. Even when cadaveric, pregangrenous,
or gangrenous lesions are present, distal arteriography and operative treatment (thromboembolectomy or bypass) may be
indicated to successfully salvage the foot. ( J Vasc Surg 2008;48:43-6.)Distal embolization is an infrequent but well-known
complication of both endovascular and open aortoiliac
aneurysm repairs.1-5 In some patients with complex aor-
toiliac aneurysms, distal embolization to pedal digital arter-
ies may occur before repair, resulting in “blue toe” syn-
drome. Distal embolization may also occur at the time of
repair, either to large named vessels, small named vessels, or
the microvasculature. The treatment of emboli to small
named vessels, such as the perimalleolar or pedal vessels,
often presents a difficult operative dilemma. A limited
number of these patients may have successful limb salvage
with pharmacologic support, but for most, conservative
management will result in major amputation.6 Because
nonoperative methods are often ineffective, we report a
more aggressive operative approach in 10 patients with
distal embolization to perimalleolar or pedal vessels during
aortoiliac aneurysm repair and describe their successful
management.
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Data analysis. A computer database was used to con-
duct a retrospective review of 678 patients undergoing
aortoiliac aneurysm repair (328 endovascular and 350
open) at Montefiore Medical Center between January
1995 and January 2003, and 21 patients (3.1%) were
identified as having distal embolization after repair. The
study excluded 11 patients (1.6%) who had more proximal
emboli to the iliac, femoral, popliteal, or proximal tibial
vessels. These emboli in these 11 patients were recognized
immediately after surgery and treated successfully with
thromboembolectomy, and none required bypass or ampu-
tation.
Quite interestingly, the patients requiring amputation
after aneurysm repair never manifested overt signs of lower
extremity ischemia necessitating any intervention. In fact,
these patients returned for follow-up with severe gangre-
nous changes requiring amputation. These patients had
underlying peripheral occlusive disease, which was quite
different from our study group. The remaining 10 patients
(1.5%) had distal embolization to perimalleolar or pedal
vessels and were analyzed accordingly. None of the patients
in our study group had more proximal embolization. Seven
of the 10 patients had endovascular repair and three had
open aortoiliac aneurysm repairs.
The patients were all men and were an average age of 75
years (range, 59-86 years). Concomitant comorbidities in-
cluded chronic obstructive pulmonary disease in 7, hyper-
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in 10, previous myocardial infarction in 7, and congestive
heart failure in 1. The average diameter of the aneurysm was
6.5 cm (range, 5.7-8.5 cm). The average range of follow-up
was 5 months to 8 years. The patients included in the study
had complex aneurysm anatomy, including five with con-
comitant common and internal iliac aneurysms, four with
moderately to severely calcified aortic necks or iliac arteries,
and one with undetected peripheral artery aneurysms.
These patients had complex iliac anatomy not only
because of concomitant hypogastric and common or exter-
nal iliac artery aneurysms, or both, but also because of iliac
artery tortuosity. The necks were moderately calcified with
minimal thrombus, but not to such an extent to preclude
repair. The patients undergoing endovascular repair were
heparinized to achieve an activated clotting time (ACT) of
250 seconds once the femoral arteries were dissected and
punctures were performed. The patients undergoing open
repair were also heparinized to an ACT of 250 seconds
before clamping and repairing the aneurysms. Additional
stents in the iliac arteries and aneurysm neck were not
required in these patients. Coil embolization of the hypo-
gastric artery or hypogastric artery aneurysms prolonged
operative time and catheter manipulations, which may have
introduced such lower extremity embolization.
Surgical technique. Lower extremity arteriography
was performed once acute extremity ischemia was recog-
nized and determined to be severe enough to result in
amputation without intervention. Thromboembolectomy
was performed on those patients manifesting acute lower
extremity ischemia immediately after aortoiliac aneurysm
repair. Lower extremity bypass was performed on those
patients manifesting acute lower extremity ischemia several
days after aortoiliac aneurysm repair.
The perioperative care of these patients varied depend-
ing on whether immediate thrombectomy or delayed by-
pass was performed. The six patients who underwent
thrombectomy had minimal heparinization and were not
given any lytic agents. Fluoroscopic assisted thromboem-
bolectomy (FATE) was performed in all cases using No. 2
Fogarty catheters. Complete removal of thromboembolus
was successfully performed in all patients. These pedal and
perimalleolar thromboemboli were much easier to treat
with local dorsalis pedis, peroneal, or posterior tibial artery
exposures then more proximal sites such as the femoral or
popliteal arteries. These patients were maintained on a
low-dose heparin drip 6 to 8 hours after the peripheral
intervention to achieve a partial thromboplastin time of 45
to 50 seconds. Intravenous dextran was not used.
The patients undergoing distal bypass were given intra-
venous heparin to achieve an ACT of 250 seconds. Lytic
therapy was not used. Both groups of patients had direct
intra-arterial administration of papaverine and nitroglyc-
erin. Completion arteriography confirmed successful revas-
cularization. The three patients with vein grafts were not
treated with postoperative heparin or dextran. The one
patient with the prosthetic external iliac–peroneal artery
bypass was treated with intravenous heparin and dextranpostoperatively, and then was given oral Coumadin
(Bristol-Myers Squibb, Princeton, NJ). These patients
were followed up with surveillance duplex ultrasound im-
aging every 6 months.
All patients in both the thrombectomy and distal bypass
group received 81 mg of aspirin and 75 mg of clopidogrel.
Toe amputations were not required, and all patients
achieved ambulation within 2 weeks with no neurologic
deficits.
RESULTS
Aortoiliac aneurysm repair was successful in all 10 cases,
with no deaths at 8 years. Endovascular grafts used included
the 1 Zenith (Cook Inc, Bloomington, Ind), 1 Excluder
(W. L. Gore & Associates, Flagstaff, Ariz), 1 Talent
(Medtronic, Santa Rosa, Calif), 3 AneuRx (Medtronic),
and 1 Montefiore Endovascular Graft System (MEGS,
Montefiore Medical Center, Bronx, NY). A modified ret-
roperitoneal technique was used in the three patients who
had open aneurysm repair. A bifurcated woven Dacron
graft (18 mm  9 mm) was used in all cases.
In six (3 endovascular, 3 open) of the 10 patients, distal
embolization was determined intraoperatively upon the
completion of the aortoiliac aneurysm repair by visual in-
spection of the foot and loss of previously palpated pedal
pulses. In six patients, on-table arteriography was per-
formed for diagnostic and therapeutic purposes, and all
were treated with FATE of their dorsalis pedis and posterior
tibial arteries via direct exposure. Fogarty catheters were
passed proximally into the perimalleolar tibial vessels and
more distally into the pedal extensions of the dorsalis pedis
and posterior tibial vessels. These six patients had successful
thromboembolectomy of the dorsalis pedis and posterior
tibial vessels, with an average patency of 1.5 years (range,
1-3 years).
In the remaining four patients (4 endovascular), pro-
gressive foot ischemia developed during the subsequent
seven to 10 days after aortoiliac aneurysm repair. Arteriog-
raphy confirmed distal embolization in all cases. The four
patients requiring lower extremity bypass all had endovas-
cular repair of the aneurysms. Thromboembolectomy was
attempted at the time of bypass, but was not successful.
These patients had one or more pedal pulses that were
present preoperatively and immediately postoperatively,
but not upon returning to the office or emergency depart-
ment seven to 10 days later with ischemia.
Thrombolytic therapy was attempted in one patient but
was unsuccessful. This patient underwent a reversed saphe-
nous vein (RSV) bypass from the dorsalis pedis to the
transverse metatarsal arch to salvage a “trashed foot” (Fig).
An amputation was not required despite the pregangrenous
changes that occurred throughout the first through fourth
toes. The graft remains patent at 2 years of follow-up, and
the patient is asymptomatic.
The other three patients also underwent distal revascu-
larization to treat distal embolization. The first patient
underwent a RSV bypass from the posterior tibial to the
perimalleolar anterior tibial artery. The patient remains
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closure at 7 years secondary to progression of outflow
disease. The second patient underwent a PTFE bypass from
the right external iliac artery to the perimalleolar peroneal
artery. Despite graft closure at 2 years, the patient is asymp-
tomatic and did not require amputation as a result of our
aggressive surgical approach at the time of the event. The
third patient underwent a RSV bypass from the below knee
popliteal artery to the dorsalis pedis. The graft remains
patent at 3 years and the patient is asymptomatic (Table).
Tissue plasminogen activator and digital amputations
were not required in the patients in this study. The patient
requiring the ilioperoneal bypass had had two failed vein
graft bypasses at another medical center and was referred to
us for further evaluation and treatment.
DISCUSSION
Complications associated with open and endovascular
aortoiliac aneurysm repairs are numerous and include myo-
cardial infarction, renal failure, ischemic colitis, paraplegia,
and embolization.1-5,7 Embolization may infrequently oc-
cur in a proximal direction, affecting renal and or visceral
arteries, or in a distal direction, affecting the pelvic or lower
extremity circulation, or both.1-5,7 Distal embolization
may occur in more proximal sites such as the iliac, femoral,
popliteal, or proximal tibial arteries or more distal sites such
as the perimalleolar tibial or pedal digital arteries, resulting
Fig 1. A reversed saphenous vein graft from the dorsalis pedis
artery to the metatarsal arch was successful in salvaging an ischemic
foot after endovascular graft placement.
Table. Patency and limb salvage outcomes at 3 years
Procedure Patients, No.
Outcome at 3 years,
No. (%)
Patency Limb-salvage
Thromboembolectomy 6 6 (100) 6 (100)
Bypass 4 4 (75)a 4 (100)b
a2 bypasses closed at 3 and 7 years, respectively.
bDespite graft closure in 2 patients.in trash foot.1-5,7 Mural thrombus, inadequate hepariniza-tion, manipulation before clamping, atherosclerotic plaques,
flaps, and undetected peripheral aneurysms are several possible
causes of emboli that occur during aortoiliac aneurysm repair.
Aneurysm characteristics such as a calcified or tortuous
aortic neck or iliac arteries, or both, “cheesy” mural throm-
bus, and inflammatory components resulting in a pro-
longed dissection time and difficulty increase the risk of
distal embolization. In addition, complex endovascular
techniques requiring extensive guidewire manipulation
such as coil embolization of the hypogastric artery and its
branches during aortoiliac aneurysm repair may also in-
crease the likelihood of distal embolization.
Management strategies for more proximal emboli to
the iliac, femoral, popliteal, and proximal tibial arteries have
mainly included the use of Fogarty balloon embolectomy
catheters or direct arterial exposure for emboli removal and
subsequent limb salvage. Emboli to the microvasculature
(pedal digital arteries), resulting in trash foot, are largely
expectant and treatment has included conservative mea-
sures such as the administration of low-molecular-weight
dextran, heparin, or prostaglandin E.6 These medications
are rarely effective, and ultimately, such embolization may
result in major forefoot or leg amputations often negating a
successful open or endovascular aortoiliac aneurysm repair.
Management strategies for emboli to small named ves-
sels such as the perimalleolar and pedal vessels have not
been described. Thromboembolectomy and distal bypass
are two obvious techniques that may be used to treat distal
embolization to perimalleolar and pedal vessels. We have
used these aggressive operative approaches to salvage limbs
in extremis, with excellent patency and limb salvage rates.
Three of the patients manifesting pedal and perimalleo-
lar embolization had diabetes mellitus, but it would be
difficult to speculate whether this had any effect on the
outcome. All of the patients had intact femoral, popliteal,
and pedal pulses at the time of surgery, and the preoperative
ankle-brachial indices were within normal range. The pre-
operative imaging studies, which included computed to-
mography scanning with intravenous contrast and aortog-
raphy revealed tortuous and complex iliac artery anatomy,
often with concomitant hypogastric and iliac artery aneu-
rysms. The neck of the aneurysm in all of the patients was
moderately calcified with minimal thrombus, but certainly
not to such an extent that repair not be performed. Again,
those patients manifesting tortuous and aneurysmal iliac
artery anatomy requiring coil embolization or bifurcated
graft placement are at highest risk for distal embolization.
Concomitant aortic and femoral artery exposure with
clamping of the femoral artery during endovascular coiling
or bifurcated repair might prevent such distal embolization
in future patients.
Patients who require hypogastric artery or hypogastric
artery aneurysm coil embolization, or both, are now treated
on a separate day. Endografting is then performed once,
confirming successful coil embolization. It appears that
those patients with bilateral hypogastric artery aneurysms
who require coil embolization or oversewing of the artery
and its branches are at highest risk. Distal embolization is a
JOURNAL OF VASCULAR SURGERY
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aneurysm repairs and has a reported incidence of 3.1% in
our series.
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